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NUMBER 3. 


Electric Power Transmissions of Southern California. 


OUTHERN CALIFORNIA contains a greater, more diversified, and more noteworthy number of electric 
power transmissions than any other section of equal country in America. That this should be so is but an 
outcome of the natural conditions which are peculiar to that favored portion of the Golden State. Power is 
dear, fuel is high, its mountains are steep and rugged, the water courses, though at times torrential, are 
restricted or dry up seemingly altogether at certain seasons; water is literally King for it must be had in 

abundance at any and all times despite severest drougths, and so necessary is it that in some sections the growers of 
citrus fruits have gladly paid one thousand dollars an inch for it. Nevertheless, prosperity is always with southern 
California, its people are highly refined and cultured, its cities are thrifty. progressive and ofttimes beautiful beyond 
compare. Wealth and luxuriance are on every hand, at:d with such people in such a community, the applications of 
the electrical industry must be most varied and universal. 

These conditions explain the ra/son a’etre of the great transmissions that have brought southern California 
forward so prominently in historical and modern electrical engineering. The inducements which the high cost of fuel 
held out to electrical transmissions led to the installation of the Pomona plant, the financial conditions of which 
emboldened its promoters to insist on a line potential of 10,000 volts, despite the protests of the principal manufactur- 
ing companies of that time. How this was done forms one of the most interesting bits of history that have been 
told in these columns.* Again, the exigencies of local meteorological conditions and the consequent uncertainty of 
rainfalls with the liability of drougths, coupled with the necessity, as stated, for unfailing supplies of water, secured 
either from mountain streams or by pumping for irrigation purposes, together with the inexorable law of commercial 
dictum which compels continuous light and power service and the ability to meet peak-load demands at practically 
any cost, have resulted in engineering combinations of extraordinary interest and even sometimes of heroic trend. 

Readers of the JouRNAL have no lack of familiarity with the minutze of detail attending electric power trans- 
mission practice of southern California, but no publication has hitherto been made of the actual sections covered by 
these transmission lines, nor of their routes, nor of the ingenious methods by which they have been tied together in 
times of emergency for the purpose of preserving inviolate the reliability of service that forms the very backbone of 
electric station well-being. All of the former will be found in satisfactory detail in the map given as the supplement 
to this issue of the JouRNAL, while the latter has already been given heretofore or as may appear in the descriptive 
matter appended hereto. The map presented was compiled (topographically from United States Geodetic Surveys) 
by W. H. Workman, Jr., and acknowledgement of its indebtedness is due to the Los Angeles Edison Company, of 
Los Angeles, Cal., for the privilege of its publication. 

The map and data thereon are correct up to the present time, and it may be added that the only new trans- 
mission which gives promise of immediate realization and which would, in that event, have to be added to the map 
during the present year, is that of the Santa Monica Electric Light Company of Santa Monica, Cal., which is install- 
ing a 20,000-volt three-phase transmission line through Ballona, Redondo, San Pedro and Wilmington to Long Beach, 
a distance altogether of some thirty miles, mainly along the seashore. Power for driving the 300-kilowatt revolving 
field-type generator will be derived from a steam plant operating in conjunction with the new bathing pavilion at 
Santa Monica. The contract for the entire electrical equipment has been placed with the General Electric Company. 
Babcock & Wilcox boilers, and a McIntosh & Seymour engine for driving the generator by direct-connection are 
being installed, and apparently the company will not fail to realize its present belief that the Santa Monica-Long 
Beach transmission will be in operation early during the coming summer. 

The following digest of engineering data of the various transmissions referred to on the map is given to facili- 
tate a comprehension of the principal engineering features of the electric power transmissions of southern California: 


SOUTHERN CALIFORNIA POWER COMPANY. 2670 feet above sea level can be considered in the foothills — and 








The most noteworthy transmission in southern California, if not 
in the world, is found in the 33,000-volt, 83-mile system of the 
Southern California Power Company, the power house for which 
appears nearest the northeast corner of the map. Its site is in 
the foothills of Mount San Bernardino —that is, if an elevation of 


*Vide the JouRNAL, Vol. VII, page 23, February, 1899. 


its water power is derived from the junction of Bear Creek and 
the Santa Ana River. The waterway is about two and a half miles 
in length, four-fifths of which is through tunnels, the water reach- 
ing the Pelton wheels at a static head of 735 feet. An innovation 
in hydraulic installation rests in the fact that each Pelton wheel 
has an individual tail race, which enables any wheel to be worked 
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on without interference from the discharge water of any other 
wheel. A single jet, single wheel is applied to each of the four 
750-kilowatt, revolving-field, three-phase generators in the power 
house. These generators run at 300 revolutions per minute, and 
the exciters are separately driven. All dynamos are, of course, 
direct-driven from their respective Pelton wheels. Twelve air- 
blast transformers raise the generator potential of 750 volts to 
19,000 volts on the star connection for delivery to line, which gives 
the line 33,000 volts. The primaries are connected in delta. Air 
for the transformer blast is supplied by an 80-inch blower driven 
by a three-horsepower induction motor, the pressure applied in 
the blast being three-eighths of an ounce. The switchboard equip- 
ment of the power house represents standard General Electric 
practice. 

Thé pole line is approximately 83 miles in length, and carries 
two circuits consisting of six No. 1 B. & S. gage medium hard 
drawn copper wires. The distance between poles varies from 110 
to 120 feet, according to the character of the country, and their 
height above ground varies from 30 to 50 feet. Imperial porcelain 
insulators, furnished by C. S. Knowles of 7 Arch street, Boston, 
are used, two being placed on the upper cross-arm and four on the 
lower arm. ‘The circuits form two triangles measuring 28 inches 
ot: two sides and 17 inches on the base. The circuits are spiraled 
every 88 poles on one side of the pole line, and every 41 poles on 
the other, the spiraling being such that it never comes on the 
same arm. A telephone line supported on brackets with ordinary 
glass insulators and transposed at every fifth pole, is placed five 
feet below the lower power arm, and the telephone service given 
is perfect. 

Near Puente a branch line is taken from the main transmission 
line and carried almost due south for 19 miles through Fullerton 
and Anaheim to Santa Ana, whence service is also delivered to 
Orange, about three miles distant. At Shorb another branch six 
miles in length is taken to Pasadena, whence three-phase current 
is taken at 2200 volts to Mount Lowe, where it operates a 300-kilo- 
watt rotary converter giving 500 volts direct current for the opera- 
tion of the inclined railway up the mountain. The equipment at 
each point appears on the map. 

In an excellent general description of the southern California 
transmission appearing in Cassicr’s for November last, J. A. Light- 
hipe gave an interesting detail of the method by which the lines 
of the Southern California Power Company and the Redlands 
Electric Light and Power Company were temporarily tied together 
during the emer- 
gency which arose 
from the non-com- 
pletion of the new 
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and synchronizing devices, was raised to 10,000 volts to match the Redlands cir- 
cuit, by placing three 40-kilowatt General Electric transformers in multiple on 
one side of the triangle and a 100-kilowatt Wagner transformer on the other 
side. The latter transformer was wound for 10,000 to 2500 volts, hence it was 
necessary to boost up the secondary side to make the ratio the same as that of 
the other leg. This was done by means of two small 2200-volt to 152-volt trans- 
formers witn the primaries in series and the secondaries in multiple. This 
arrangement worked well ever since it was installed, and the service has often 
called for very heavy overloads. 
SAN ANTONIO LIGHT AND POWER COMPANY. 

The first anthentic description of this, the initial plant to use 
10,000 volts in daily commercial service, was from the pen of the 
editor of the JOURNAL and appeared in the -/ectrical Engineer, 
New York, for August 2, 1893, (Vol. XVI, page 97). With the 
exception that a small steam plant has been installed in the Po- 
mona sub-station to tide over a period of low water, the plant is 
still being operated in its original condition, hence it is pertinent 
to reproduce such portions of the article referred to as are neces- 
sary to bring out its peculiar features. It was then stated that the 
Lauffen-Frankfort experiment exceeded the Pomona transmission 
both in the potential used and in the distance of transmission, 
but the Lauffen-Frankfort transmission was not a commercial in- 
stallation. In the Deptford station the normal potential then 
used was 5000 volts with the possibility of using 10,000 volts in 
emergencies, and clearly therefore, the dual distinction of being 
the first commercial plant to use 10,000 volts as the normal poten- 
tial, and of being the then longest commercial transmission in the 
world, belonged to the San Antonio Light and Power Company. 
From the outset the plant has been technically successful and of 
satisfactory efficiency. 

The water for operating the Pomona plant, as it is more ordi- 
narily called, is taken from the San Antonio River at a point 16 
miles almost due north of Pomona. A picturesque gorge and 
waterfall, together with a very rapid descent in the river, afford 
the head available; so that by building a tunnel 1324 feet long 
and installing a pipe line 2010 feet in length, a head of 395 feet is 
obtained. A 30-inch Pelton wheel with two nozzles, drives, by 
direct-connection, a standard 120-kilowatt, 12-pole, Westinghouse 
1000-volt single-phase alternator at 600 revolutions per minute, the 
frequency being, therefore, 7200 alternations. The exciter is also 
separately driven by direct-connection from an independent Peiton 
wheel. The switchboard and instruments thereon were of the 
types common to the Westinghouse alternating plants of that day. 

High-voltage, step-up transformers were then undeveloped, so 
the transformers used in the Pomona power house for delivering 
10,000 volts to line consisted of 20 separate transformers, each of 
six kilowatts capacity, with primaries wound for 1000 volts, and 
secondaries for 500 volts. The primaries of these transformers are 
thrown in parallel across the generator poles, and their secondaries 
are in series, thus reducing the generator voltage before building 
up the potential to 10,000 volts by series-connection. Each trans- 
former is encased in an iron case containing oil, the iron case 
resting upon well grounded iron rails and the transformer cores 
also being grounded. 

Two circuits are carried from the power house; one to Pomona, 
15 miles, and the other to San Bernardino, 28 miles distant. For 
the first nine miles the circuits are on the same pole line; then 
they divide, one continuing southwesterly to Pomona, and the 
other taking an easterly course to San Bernardino. Both these 
circuits are in parallel at the station. The line is of No. 7 B. & S. 
gage hard drawn copper, supported on top of the now historic 
Pomona-type of special double-petticoat glass insulators then 
manufactured by the Westinghouse company. The diameters of 
the inner and outer bells of the insulators used are six and three 
and a half inches respectively. The insulators are supported on 
ordinary Klein iron pins, the redwood poles being 25 feet long and 
spaced 125 feet apart. From the power house the two inside wires 
are strung 24 inches apart, while the two outside wires are separ- 
ated 18 inches, and from the point of divergence the separation is 
uniformly 24 inches. 

The transformers used for reducing the line voltage in the Po- 
mona and San Bernardino sub-stations are identical in every detail 
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with those in the power house, except, of course, in that their 
connections are reversed; that is, their 500-volt primaries are in 
series and their rovo-volt secondaries are in multiple. Nineteen 
transformers are used in this manner in Pomona and 18 in San 
Bernardino, thus showing the line loss to be five per cent. in Po- 
mona and ten per cent. in San Bernardino. Local distribution is 
at 1000 volts through the then usual Westinghouse central-station 
appliances, including the Stilwell regulator and compensator. 
SAN GABRIEL ELECTRIC COMPANY. 

The transmission system of this company, which is one of the 
most remarkable in southern California, has been described in 
such exhaustive detail in a comparatively recent issue of the 
JOURNAL* that extended reference to it at this time is redundant. 
There has been no change in the original installation as shown in 
the San Gabriel edition of the JouRNAI, except that an additional 
300-kilowatt two-phase Westinghouse generator and a 500-horse- 
power engine and water-tube boiler set have been added to the 
equipment of the Los Angeles sub-station. Other minor additions 
have been made, notably in transformer and regulator equipment 
and in the installation of about one thousand constant-current, 
enclosed, alternating-current arc lamps which, it may be added 
with propriety in view of that which follows, are not of the type 
and manufacture of the General Electric Company. A participant 
in the recent discussion of this lamp installation before a meeting 
of the American Institue of Electrical Engineers, told but a part 
of the truth concerning it, for the system can hardly be said to be 
out of an experimental stage. In fact, an engineer of repute is 
authority for the statement that ‘‘of the thousand lamps originally 
purchased and installed, but a hundred of them are burning, about 
four hundred are burnt, and perhaps five hundred of them, though 
out on the circuits, are neither burning nor burnt.’’ 
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This, however, is a minor feature of the ‘‘ we-all-have-troubles- 
of-our-own’”’ species, and which does not detract in the slightest 
from the universally acknowledged fact that the plant of the San 
Gabriel electric company constitutes one of the best, most note- 
worthy and most successful transmissions in existence from both 
engineering and commercial standpoints. 


REDLANDS ELECTRIC LIGHT AND POWER COMPANY. 

This noteworthy transmission, which closely followed the Po- 
mona plant in date of installation, has reached world-wide celeb- 
rity, particularly through the development of the well-known 
‘‘Redlands”’ type of porcelain high-potential insulators and the 
fact that tie first commercial use of three-phase induction motors 
in large units (a 150-horsepower General Electric motor in the 
works of the Union Ice Company at Mentone) was from its cir- 
cuits. This motor is yet in daily use and giving the greatest 
satisfaction. 

All engineering data concerning the plant are given on the map, 
but it may be added that its distinctive features now rest in the 
operation of two power houses on Mill Creek No. 1 and Mill Creek 
No. 2 respectively, their operation in parallel and the fact that 
Mill Creek No. 2 power house contains a 250-kilowatt General 
Electric generator which delivers 11,500 volts direct to line; that 
is, without the use of raising transformers. The Redlands plant 
is still under the able management of H. H. Sinclair, to whose 
abilities electrical transmission in general owes so much. 


SAN BERNARDINO ELECTRIC COMPANY. 

As the map shows, this is a small transmission operating in San 
Bernardino and Colton. It is owned principally by Charles R. 
Lloyd of San J‘rancisco, and takes power from an irrigating ditch 
by means of turbines operated at low head. A belted-type gener- 
ator is used and the plant is, withal, without noteworthy features. 





Generating Gas and Power From City Refuse. 


HE raising of steam from town refuse is a comparatively old topic, and the fuel value, from this point of view, of 
all that is implied by the words ‘‘town refuse’’ has been discussed on many occasions, and has been practically 
illustrated as well in several instances. It is, therefore, as Cassier’s Magazine has truly pointed out, some- 
what refreshing to read of the latest proposed refuse disposal scheme, which is simply to convert the stuff 
into fuel gas. ‘This, later, is to be used in gas engines for electric generator driving for power and lighting, 


leading eventually to an energy system beside which all present and immediately prospective steam power plants 
would appear hopelessly antiquated. With the gas generated, of course, at one larger producer station and utilized 
permanently right on the spot, and that spot located on the water front of such cities as have any, the question of 
power station coal would be satisfactorily disposed of at once, and that of water as well, for the only water that would 
be needed would be that for cooling the gas-engine cylinders, and that could be pumped from the river and again 
discharged into it later. ‘The scheme is decidedly an attractive one; it would solve some municipal difficulties as well 
as some encountered by private corporations; but, for the present, unfortunately, matter-of-fact figures to give a sub- 
stantial practical base of operations are entirely lacking. Nevertheless, the ideas presented below by two well-known 





contributors to technical journalism probably show the trend of engineering effort during the coming decade. 


THE POWER SITUATION IN NEW YORK CITY. 
BY GEORGE WESTINGHOUSE, 

The bringing together of the gas and electric light and power 
interests in New York should result in great advantages to the 
public and to the interests so combined, provided the latest 
developments in gas and electric engineering are investigated 
and availed of. Among the numerous questions affecting the 
health, comfort and convenience of the citizens of New York 
(and of all communities, in fact), are three of especial impor- 
lance, viz: 

The disposal of garbage, the abatement of the smoke nuis- 
ance due to the increasing use of bituminous coal for steam 
power purposes, and the securing of an adequate supply of 
water. 

From statistics there appear to be created daily in New York 


*Vol. VI, page 81, e¢ seg., November, 1898. A limited number of copies can 
be supplied at fifteen cents each. 


about 500 tons of garbage, or at a rate of one-half pound per 
capita. Such garbage is about 20 per cent. carbon and 80 per 
cent. water. By a process which has been well demonstrated 
on a small scale, and which is being rapidly brought to a com- 
mercial basis, all of this garbage can be economically, and 
without offensive odor, converted into a fuel gas of great value. 
In the same apparatus and by the same process soft coal can be 
made into a gas suitable for power and heating purposes. 

The fuel gas made from garbage and soft coal can be used to 
drive gas engines with electric generators, and the electricity 
thus produced can be used for light and to drive motors to the 
exclusion of the thousands of steam engines and boilers which 
make such demands upon the water supply, since the gas 
engine central stations can be so located that the water needed 
for engine-cooling purposes can be taken from the river. 

Bearing upon these questions, and of especial importance, 
are the partially executed plans of the electric power and light 
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corporations, viz., the Metropolitan, Third Avenue, and Man- 
hattan Elevated Railways, and the New York Gas and Electric 
Light, Heat and Power Company, and the United Electric Light 
and Power Company. If their present plans, which are fairly 
well known to the engineering profession, are carried to com- 
pletion, each will have one large steam station on the East 
river between Twenty-ninth street and the Harlem river, with 
about 75,000 horse-power of engines, boilers and electric ma- 
chinery, making an aggregate of 375,000 horse-power, and 
which may be largely increased when the underground rapid 
transit railway is completed, and still further when the elec- 
tric locomotive is used on all steam railways within the city 
limits. 

If these corporations, which might as well buy electricity as 
the machinery, coal and water with which to produce it, were 
to unite in a common plan to provide the electricity needed in 
their operations by the adoption of the best available me'hods, 
the saving to each in capital expenditure would be very great, 
and the decreased cost of their supply of electricity would 
make an important addition to their earnings applicable to the 
payment of dividends; while, most important of all, the citi- 
zens of New York would have solved for them the garbage, 
smoke, and very largely the water questions. 

I believe the contemplated plans of the corporations above 
named, which can be shown to be based upon an imperfect 
knowledge of the subject, will stand in the way of vast public 
interests, and, so believing, I have said to representatives of 
some of these companies that the near future would demon- 
strate the projected power stations and systems of electrical 
distribution incidental to the character of such stations, to be 
as far from the best as are the old cable systems for the pro- 
pulsion of cars. 

I write this letter because I believe these subjects are just 
now worthy of investigation, discussion and elaboration. 


MR. WESTINGHOUSE’S SUGGESTION DISCUSSED. 
BY PROF. R. H. THURSTON. 


I have been much impressed by the suggestions contained in 
Mr. Westinghouse’s communication, appearing above. It sug- 
gests thoughts far more wide-reaching than at first may ap- 
pear. The primary principle which underlies its text is that 
of the combination of all the essential public utilities in such 
manner as to secure the most economical production possible. 
This does not, in this case, mean so much a reduction of total 
costs to the public as an increase of availability of the product 
for the average citizen. When gas is permanently reduced to 
50 cents per 1,000 cubic feet, we may all use it in our kitchens, 
and to some extent for heating and in manufacturing, while 
the city will employ it in making more extended and efficient 
the public lighting outside the range of the electric light. 
When the electric light can be supplied at a ha!f or two-thirds 
its present average cost, the urban lighting of our communities 
will be doubled in area and efficiency, and the comfort of hon- 
est citizens and their safety and the repression of disorder and 
crime will be vastly greater than now. As is almost invaria- 
bly the fact, the reduction of price and costs wi!l be met not 
so much by saving as by extending the benefits of all utilities. 
When garbage can be made to contribute to our comfort and 
health, instead of being a perpetual menace, our householders 
will find comfort in that fact, and our taxpayers will be re- 
lieved. 

In every city in the country this combination of all sources 
of power in a single center and the production of heat, light, 
power and electricity, and the incineration profitably and 
wholesomely of all garbage should be provided for. Such a 
wise and sound method of engineering these enterprises would 
enable many a small city, or even village, to supply its people 
with water and light, and to relieve itself from the dangers 
of typhoid-charged water and of fever-breeding garbage, 


whereas it must otherwise wait many years for the comforts 
of modern life. The gas, electric and water-supply “plants,” 
and the garbage incineration arrangements, should all be com- 
bined, not so much to reduce costs of product and of neces- 
sary expenditure as to make it practicable for our cities to 
secure well-lighted streets, an ample supply of pure water— 
artesian, if possible—for drinking and industrial purposes, a 
complete and useful disposal of refuse matter, and all at mini- 
mum charge in the tax levy. But it is the wide distribution 
of these great blessings rather than the reduction of the aggre- 
gate cost to the city of such charges that should be sought. 

Mr. Westinghouse has himself done much to render this im- 
portant change practicable, not simply in his contribution to 
the art of electric lighting, but also, and more extensively and 
in a more important degree than is generally realized, in his 
work in the direction of placing beside the steam engine as a 
source of industrial power a distinctly dangerous rival in the 
gas engine of large power, gas engines of 500 and 600, and ‘in a 
few instances of 1,500 horse-power, and operating with excep- 
tional economy having already been produced. The scheme 
for the conversion of the potential energy of our garbage into 
useful power, as a part of the larger plan, is by these facts 
rendered so much the nearer practicable, and the day of this 
form of industrial extension is so much the closer at hand. 

We find ourselves, as Mr. Westinghouse himself has else- 
where stated it, in ‘““A New Industrial Situation.” Happily, it 
is one in which all parties to the present and older situation 
may be advantaged. The realization of this proposed modern- 
ization of the city public utilities in this manner may extend 
the market for the sale of electric light and for gas, and thus 
increase the profits, as always occurs, on the extended business. 
It will make our very wastes, by way of the kitchen door, a 
source of health and profit and free us from some of the most 
serious of all risks and disadvantages of crowded city life. 
Where it is practicable in the usual case—in fact, to introduce 
the provision of needed power for a pure-water supply in the 
scheme, the free use of wholesome water will become a con- 
tinually growing source of health and comfort and godliness. 

Nowhere in the world is there a greater opportunity offered 
for the full exemplification of this plan and its economical 
advantages than in New York, and nowhere is it possible to 
accomplish more for a crowded population than in that city. 
With pure water in plenty for the poorest, liberal use of elec- 
tricity for light and power, and of gas, where suitable for light- 
ing, and in the now common and economical forms of gas 
engine of every magnitude, from 1,500 horse-power down, with 
sanitary conditions perfected by proper disposal of garbage and 
sewage, New York should become an ideal residence city. 
Nature has there done her best, and it only remains for man 
to do his very best in the light of modern science. 

This is hardly less true of all large cities, but that is not the 
most or the best possible. The larger proportion of our people 
so far as urban at all, live in small cities, and these may, 
under such ideal conditions as are here contemplated, become 
at a comparatively early stage in their growth well lighted, 
healthfully provided with water, and sanitarily insured against 
danger from refuse, now a source of sickness and death, and 
at a reasonable cost may be given all the comforts of city life. 
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Jp istorical 
ELECTRICAL PIONEERS OF SAN FRANCISCO. 


BY ORION BROOKS. 


OW difficult it is to look back thirty years from trying to 
look forward a similar period. I am reminded of the 
statement (no matter when or where) that the doctor 
who endeavors to diagnose a patient’s disease, when 
first called, lacks the advantages which the autopsy physician 
enjoys, or of the popular saying that a man’s hind-bight is 
often much better than his fore-sight. Thirty years ago the 
writer was studying and practicing telegraphy in San Fran- 
cisco, and, having been connected in various capacities with 
electrical enterprises ever since, is free to admit the pertin- 
ency of the sayings quoted above. 


Thirty years ago—and it seems but a few days—on the east 
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tempt at commercial electrical lighting in San Francisco, the 
year being 1877. This original electrical lighting plant was 
started in a loft at 412 Market street, and consisted of an 
upright boiler, an engine of about 15 horse-power, a Gramme 
alternating current machine and exciter (capacity 16 Jabloch- 
koff candles) and a Siemens direct current machine with two 
focusing lamps, the mechanism of which would give the aver- 
age lamp-trimmer of to-day the delirium tremens. Mr. Field 
was the electrician of the enterprise, and if he failed to try any 
scheme in connection with this plant, it was because he had 
not seen, thought, heard or dreamed of it. The work that he 
made for the factory was no inconsiderable item, and had it 
not been for Mr. Ladd, who was nothing if not conservative, 
and who held the veto power, there would have been much 
more done in electric lighting and power in those days, 
provided, of course, the treasury held out. 

Mr. Field, by the way, was not noted in those days as a finan- 
cier. The engine reauired coal, and as Field often had to act 





ORION BROOKS, PROFESSOR OF ELECTRICAL ENGINEERING, HEAL,D’S BUSINESS COLLEGE, SAN FRANCISCO. 


side of Montgomery street, just north of Jackson, there was 
an electrical manufacturing, repairing and merchandising es- 
tablishment conducted by Wm. Lundberg, and it handled prac- 
tically all of the electrical business west of the Rocky Moun- 
tains. In fact, with the exception of one other shop, conducted 
by a single workman named L. Rau, it was the only p‘ace 
on the coast with facilities for handling electrical business. 
I believe that at times when rushed this firm had as many as 
two men wholly on electrical work. The premises were two 
rooms, each about twelve feet square, constituting work-shop, 
store-room, sales-room and office. About 1872 this establish- 
ment was succeeded by a corporation, when an enlarged shop 
and other facilities were provided. It was then located on 
Sutter street, below Kearny, and this marked the beginning of 
San Francisco’s electrical era. 

The leading spirits in this electric business were Geo. S. 
Ladd and Stephen D. Field, and this company, which was 
known as the Electrical Construction and Maintenance Com- 
pany, and with which the writer became associated in 1874, 
together with ex-Governor M. S. Latham, made the first at- 


as engineer and fireman, as well as electrician, he was both 
mentally and physically exercised over the problem of getting 
the coal from the ground floor to the attic (ordinarily done by 
means of a hand-rope elevator), for if there was anything he 
liked less than finance, it was manual labor, to relieve himself 
from which he belted the Siemens machine to the elevator 
rope wheel, and fed current from the Gramme exciter to it, 
the Siemens machine as motor hoisting his coal. This was 
probably the first application of electric power in California. 
It was thought worthy of newspaper notice, and the reporter, 
after being coached in the mysteries of electricity, wrote up an 
account of the motor installation, going so far as to note that 
the counter electro-motive force developed by the motor when 
the elevator descended was sufficient to bring up the next load 
of coal—all going to show how dangerous it is for an electri- 
cian to fall into the hands of the newspaper men, or vice versa. 

The commercial lighting which this enterprise supplied was 
one or two Jablochkoff candles, on Bush street, below Kearny, 
and a few of the same kind in the old, or rather at that time 
the new, California Theatre, but, owing to either too much 
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enthusiasm, or to too much conservatism, or perhaps because 
the treasurer may have been concerned, this electric light and 
power company was short lived, and in the course of a few 
months the machinery fell into the hands of the Electrical 
Construction and Maintenance Company. Soon after this its 
manager contracted to supply electric light at the first public 
six-day walking match in San Francisco. 

The craze for pedestrianism was then a growing one, and 
this initial event was held in the Mechanics’ Pavilion, on the 
corner of Eighth and Mission streets, and it fell to the lot of 
the writer and W. H. Milliken to carry out the terms of this 
contract, which, by the way, was a curio. 

Our instructions were quite brief, for the contract was of the 
‘omnibus’ type. First, we were to place as many Jablochkoff 
candles around the gallery of the Pavilion as the manager of 
the walking match should desire, and we were to operate them 
from 6 p. m. until midnight. The capacity of the machine was 
16 Jablochkoff candles, and the manager wanted twice that 
number. We were also to run a Siemens arc machine and sup- 
ply current for two focusing Jamps, one for general lighting 
and the other to demonstrate an invention of E. J. Molera and 
J. C. Cibrian for “subdividing” the arc light. This invention 
may be briefly described as producing a parallel beam by 
means of a reflector and a Fresnel lens, and interposing in 
this beam plane mirrors set at an angle, each mirror being so 
adjusted as to take the desired portion of the beam and direct 
it to the place where the light was required. In addition to 
this, we were to supply direct current in the day time to a 
number of stock printing machines in the vicinity of the Stock 
Exchange, the distance being about a mile, all of which in- 
volved an overload of about 100 per cent. on the machinery. 

The manager of the company was an expert telegrapher, 
hence why not be qualified to contract for electric lighting? 
After the second night the managers of the walking match, of 
the electric company and of the stock printer company held a 
seance, and on the following day the machinery was on its way 
back to the works of the construction company. Our gray 
hairs began to appear about that time. 

This was in October, 1879, and soon after an Edison incan- 
descent lighting machine of about 75 lights capacity was 
brought out and exhibited in operation at the store of H. S. 
Crocker & Co., on Bush street, and also at the Mechanics’ Pa- 
vilion, but the efforts were mainly directed to organizing a 
company and selling stock. This scheme also died young, for 
the moneyed fish would not bite. 

About that time the California Electric Light Company was 
inaugurated* on a firm basis and pushed energetically with 
the usual results in such cases, success. It must not be in- 
ferred that these spasms of electric light and power effort 
comprised the bulk of the electrical business of those times; 
as a matter of fact, they were merely feelers thrown out by 
parties timid and over-cautious. There was a large elec- 
trical business transacted by the Electrical Construction Com- 
pany and its successor, the California Electrical Works, cover- 
ing the period from 1872 to 1882; but it was principally in 
telegraph apparatus and electrical signaling mechanism for 
public and private buildings, fire alarms, etc. At this time the 
Virginia City mines were in full blast, and as accidents were 
frequently the result of defective methods of signaling, the 
Electrical Construction Company expended enough money in 
endeavoring to perfect a system of electrical signals in those 
mines to inaugurate a successful electric lighting system, but 
then miners were crying for electrical signals and the public 
was not calling very loudly for electric lights. It fell to the 
lot of the writer, in ’79, while introducing dynamo electric 
blasting machinery, to collect the remnants of these signaling 
devices from the Ophir and other shafts. The difference be- 








*The California Electric Light Company was incorporated on June 30, 1879, 
and a description of some of its early experiences will be found in the JouRNAL 
for January, 1898; Vol. V, page 81. 
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tween the value of the apparatus taken out and its cost to 
install was considerable. 

In addition, the telephone was successfully introduced by 
Messrs. Geo. S. Ladd, Stephen D. Field, James Gamble, Monroe 
Greenwood and John I. Sabin. During the early exhibition of 
the telephone it was the custom to invite the public to call at 
the office of the telephone company and test it by conversing 
with a party at the factory end, several blocks away, and this 
same Mr. Field frequently posed as the talker, at the factory 
end of the line. One day an incident occurred which made 
him noted, and perhaps also cost him a share of Mr. Ladd’s 
esteem. A very wealthy and influential citizen who was some- 
what pompous withal, was invited by Mr. Ladd to speak into 
and listen at the telephone, Mr. Field being at the other end of 
the line. After a few exchange of sentences, Field asked if the 
party would like to hear some instrumental music. 

“Why, certainly,’ came the answer. “I have heard that music 
could be transmitted clearly by telephone’’—whereupon Mr. 
Pomopus Individual was instructed to hold the telephone 
tightly to his ear, and Field blew a blast from a fish-horn into 
the factory telephone which would put the Angel Gabriel to 
shame. It was not long before orders came from the executive 
office to indulge in no more instrumental music by telephone. 

Notable instances of pioneer electric work were the install- 
ing of an electric annunciator in the Grand Hotel in San Fran- 
cisco, in 1872, and in the Palace Hotel, when it was built in 
1876. Most of the wire for the latter, which was about forty 
miles in length, was insulated in San Francisco. 

About the same time electric gas lighting apparatus was 
placed in the first California Theatre, in Wade’s (now the 
Grand) Opera House, and the Baldwin Opera House, when they 
were erected. 

It almost takes one’s breath away to contemplate the enor- 
mous growth of the electric lighting and power industry in this 
short span of thirty years, and the writer recalls quite dis- 
tinctly that the pessimist of twenty and ten years ago, as does 
he of to-day, cried aloud from the street corners and the inner 
offices that the business was overdone and going to the demni- 
tion bow-wows. Such people have been with us in the past, 
are with us now, will probably be in evidence in the future— 
possibly they are necessary, as a ship needs ballast or a kite a 
tail, but nevertheless the world moves and business grows. 





Personal 


L,. L. NUNN, of the Telluride (Colo.), Power Transmission Com- 
pany has been making a hurried tour of the Pacific Coast. 

CHARLES H. BAKER, president and general manager of the 
Snoqualmie Falls Power Company, of Seattle and Tacoma, Wash., 
is in San Francisco. 

W. A. FERGUSON has severed his connection with the construc- 
tion department of the Westinghouse Electric and Manufacturing 
Company to accept a position as electrical engineer with the 
Moctezuma Copper Company, Nacosari, Sonora, Mexico, whose 
entire plant is to be operated electrically. 

NORMAN ROWE has resigned the electrical engineership of the 
San Francisco office of the Westinghouse Electric and Manufac- 
turing Company and is to leave for the City of Mexico on March 
19th, where he will enter upon new duties as chief engineer of the 
San Il DeFonzo transmission system of that city. 

CLARENCE LIL. Cory, professor of electrical engineering in the 
University of California, has been excused from all general uni- 
versity duties for the next academic year in order that he may 
devote a large portion of his time to consulting engineering. He 
will hereafter be associated with A. M. Hunt and' Wynn Meredith 
of the engineering offices at 331 Pine street, San Francisco, and 
without doubt the new combination will thus become more firmly 
entrenched than ever in the deserving reputation it has earned of 
being the strongest engineering firm on the Pacific Coast. Prof. 
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Cory will retain his present relation to the University, directing 
the work in electrical engineering and in the operation of the 
electric lighting and power plant of the University; and his new 
association in the field of consulting electrical engineering is, as 
heretofore, one of absolute independence. 

ORION BROOKS, whose portrait appears on another page in this 
issue, is entitled to every credit as being one of the earliest pioneers 
in the electrical business on the Pacific Coast. He was born in 
Michigan in 1846 and came to California across the plains in 1852 
with his parents. He came from revolutionary stock on his father’s 
side, while his mother endowed him with scientific and mechanical 
tendencies—his great grandfather having introduced the first 
woolen machinery into New England in 1793. As was so often 
the case with those of the time of his youth, he attended school 
in the rural districts where school-houses were few and far between, 
and at the age of thirteen he was thrown upon his own resources 
by being obliged to do ‘‘chores’’ and farm work for his board and 
schooling. On arriving in San Francisco in 1867 he found an op- 
portunity to learn telegraphy, from which he took up the study 
and practice of electricity. Limited finances forced him to make 
most of his apparatus with his own hands, which was rather an 
advantage than otherwise as it made him more thorough in prac- 
tical details. In 1874 he entered the employ of the Electrical 
Construction and Maintenance Company of San Francisco, and 
three years later became an employee of the California Electrical 
Works, of which he was promoted to the position of manager in 
1879. Realizing the important part that the applications of elec- 
tricity would play in industry, he next determined to establish a 
business of his own and accordingly organized the Electrical 
Supply Company of San Francisco, in 1882, which he managed 
until 1891 when he sold his interests in the supply company and 
devoted two years or so to various electro-chemical investigations 
for which he had developed a strong partiality. While manager 
of the Electrical Supply Company, Mr. Brooks gave special atten- 
tion to the construction of electro-medical apparatus and particu- 
larly electrical instruments of precision, on which matters he was 
an acknowledged authority. His literary tastes and love of fra- 
ternization have led, respectively, to the accumulation of a valu- 
able electrical library which goes back many years, and to his 
active participancy in the affairs of the California Electrical So- 
ciety, of which he was a charter member, as well as serving for 
several years as secretary or vice-president. In 1894 Mr. Brooks 
established a department of electrical engineering in Heald’s 
Business College, San Francisco, where he is now in his element 
as instructor, but though his many pupils are a severe tax on his 
time, he still finds ample opportunity for study and original inves- 
tigation in the line of electro-chemistry, wHich he believes to be 
the most promising field for the future. The excellent portrait of 
Mr. Brooks appearing on page 49 suggests one of his strong chur- 
acteristics. Desiring a special form of microscope with whicli to 
prosecute some particular line of investigation in electro-chemistrv, 
and finding it impossible to purchase such an instrument as he 
wanted, he made the one illustrated, and thus supplied the want. 
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TANGENTIAL WHEEL EUCKETS IN A “SAND-BLAST.” 
BY W. MOOREHEAD. 

HE destructive influences exerted by water containing sand 
or slickens upon the buckets of tangential water wheels 
forms the cause of great trials and tribulations for those 

using water power derived from water containing any kind of 
grit. Although it has not been my personal misfortune to use 
water of such ‘‘consistency’’ as to perforate a bucket of a jet 
wheel within a fortnight, yet I understand that such instances are 
not without precedent in the history of water power plants in Cal- 
ifornia, even when used under a head as low as 300 feet. 

I note that one of the advertising pages of the JoURNAIL, says 
something about water wheels of an ‘‘ellipsoidal’’ type that are 
made on ‘‘true hydraulic curves.” The Dreisam Gold Mining and 
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Milling Company, of which I am superintendent, uses some of 
these self-same ‘‘ellipsoidal’’ wheels that are made on “true hy - 
draulic curves,” and as they have been used under conditions full ¢ 





as bad as those above given, I submit two views of one of the 
buckets taken from our mill wheel. This bucket has been in con - 
stant use for a year, working under a pressure of 400 feet, and in 
my judgment it has been subject to the action of from two to 
three tons of sand daily for the period mentioned; that is, from 
two to three tons of sand have been shoveled out from the tail 
race daily since the wheel was installed, now a year ago. 

This experience leads me to think that the idea of making the 
buckets of water wheels upon ‘‘true hydraulic curves’’ may not 





be altogether a myth after all. The bucket show n is cne taken 
from the wheel at random, and is good for much longer service 
in fact, it is in excellent condition at the present time and i 
should be noted that the wear thereon is perfectly even. Th 
roughness on the back of the bucket is from the foundry rathe 
than from erosion from the discharge of the preceding buc kei. 
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It is a gratification to note that the sug- 
gestion offered in these columns for Octo- 
MUNICIPAL 


her last, proposing the installation of pole 
POLE LINES FOR 


lines, conduits and wiring by the city and 
SAN FRANCISCO. 


county of San Francisco for the render- 
ing of street lighting and municipal light- 
ing service, these poles, conduits and circuits to be leased 
to the lowest bidder for supplying current, has not only 
met with the unqualified endorsement of the San Francisco 
press, but bids fair to reach a successful outcome. Its 
present condition is that the committee on public utilities 


‘ 


of the board of supervisors has instructed C. KE. Grunsky, 
city engineer, to prepare plans and specifications for a com- 
plete system, as suggested, for the lighting of all streets, 
parks and public buildings. 

The San Francisco Hxaminer has been foremost in ad- 
vocacy of the suggestion which THE JOURNAL has offered. 
For instance, in its issue of December Ist last appeared the 
following: 

The report of Engineer Hunt* to Mayor Phelan showed 
plainly that an electric lighting plant would be of great value 
to the city. His figures put the cost of a complete plant for 
lighting the streets and public buildings at $459,000. To oper- 
ate this plant would cost $171,000 per year, including deprecia- 
tion, repairs and the like, with wages at public standard. As 
it costs the city from $275,000 to $300,000 a year for this service 
from the semi-private corporations, the profits of municipal 
ownership are plain to be seen. 

It will be to the interest of the city to build such a plant as 
soon as it can find the money. It is possible that this may be 
done when the next year’s financial budget is prepared. If $459,- 
000 proves too much to get out of one year’s levy, however, 
it is possible to secure most of the results at less than half the 
cost. THE JOURNAL OF ELECTRICITY, POWER AND GAs of this 
city, in its October issue, points out that the municipality can 
multiply the number of competitors for the lighting contract, 
and probably cut the rates in half, if it will provide its own 
wires, conduits, poles and lamps. It says: 


*Reprinted in the JOURNAL for September last, Vol. VIII, page 78. 
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In San Francisco it may and undoubtedly will be well for the city to fortify 
its future welfare against corporate greed, by venturing upon the experiment 
of municipal ownership to the extent of owning its own pole lines and such 
circuits as are necessary for the lighting of the streets, municipal buildings and 
public places. Such ownership will insure legitimate and plentifal competition 
for all time; it will make a net reduction in the cost of street lighting by nearly, 
if not quite, 50 per cent.; it will eliminate all the monstrous element of per- 
plexity which attends the administration of engineering affairs by unfitted 
political roustabuuts; and it will forever make it impossible for San Francisco 
to again feel chagrined in the knowledge that for years and years, had it but 
known it, the open sesame to 50 per cent. rates has been the mere existence of 
a competitive circuit to the point of service. San Francisco found that the cost 
of lighting the City Hall was reduced just one-half for no other reason than 
that the mains of the Mutual company had at last reached that building. San 
Francisco will find that the cost of its street lighting will be reduced a similar 
amount by no other exercise of the right of municipal ownership than the 
building of the pole line aforesaid. And this is for the simple reason that no 
company, however strong, can afford to build these city lighting circuits on the 
gauzy prospect of securing the city contract for a single year. 

Here, then, is San Francisco’s golden opportunity for municipal ownership. 

This suggestion points the way to making a big profit by get- 
ting the municipal lighting system piecemeal. If there is good 
financiering when the next budget is prepared, it will cer- 
tainly be possible to get out enough to provide the wires, 
conduits, poles and lamps for a complete lighting system. 
When the city owns this it can buy electricity at bottom rates 
from any of a dozen plants. But it cannot expect to get good 
rates by competition when it gives only a one-year contract 
and expects any new company to provide the distributing 
system. If a 50 per cent. reduction in the lighting bills can 
thus be secured, as is estimated by THE JOURNAL, such a plant 
would pay for itself in two years. 

Again, on March 2d, in an editorial discussion of “An 
investment that will pay,” it thus refers to the prevailing 
high costs of public electric lighting service: 

There is a simple way for the city to get the advantages 
of the cheapest rates. Most of the companies supplying cur- 
rent cannot bid on the city contract, because it would not pay 
them to install wires, poles and lamps for a one-year or two- 
year contract. But if the city will lay its own wires and put 
up its own poles and lamps, there will be a lively competition 
among the power companies to sell current to the city, and 
they will quote the lowest rates given to any customer. 

When the Supervisors make up the budget for the next fiscal 
year, they should appropriate the money to acquire this plant. 
It would probably give the city most of the advantages of 
municipal ownership of lighting works. At all events, it would 
enable the city, in the course of a few years, to save the whole 
cost of the plant, and the system would be equally serviceable 
whenever the city decides to maintain its own lighting works. 

Then, in another issue, it says editorially: 

The Public Utilities Committee of the Supervisors should 
not accept too readily the prevailing opinion that the water 
works are the first of the quasi-public corporations to be ab- 
sorbed by the city. Perhaps the water works will afford the 
most relief to consumers and profit to the people. Perhaps the 
acquisition of some other of the public utilities would bring 
greater advantages. It is only a full investigation that can 
bring out the facts, and the committee should have the full 
backing of the Board of Supervisors in securing authority to 
employ engineers, and send for persons and papers. 

The experience of other cities in the matter of electric 
lighting is then discussed, when the editorial concludes: 

San Francisco pays $164.50 per year for 2,000 candle-power 
lights or $14.50 more than New York, and double the cost on 
the basis of the Norwalk plant. Doubtless with the new plants 
entering into competition the city can cut its electric light 
charges in two by putting up its own wires, poles and lamps 


and buying current. But a municipal plant might bring some 
advantages to the people. 


When the Hraminer states, as it does in the concluding 
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sentence above quoted, that a complete municipal plant for 
San Francisco might bring some advantage to its people, it 
errs egregiously, for so long as local conditions are as at 
present it cannot do anything of the sort. If the people of 
San Francisco are wise, they will be rational; ‘and if they 
are rational, they will put no more money into municipal 
ownership than can be made to return value to the city be- 
yond all peradventure of doubt. No doubt whatever en- 
shrouds the suggestion that the city own the pole lines, 
conduits and wires necessary for supplying municipal 
service, but as for a full-fledged electric lighting plant, 
such as, for instance, that which was contemplated by Mr. 
Hunt’s report, to be installed and operated in the face of 
such phenomenally low rates as are soon to be given San 
Francisco, would be the height of folly. There is only one 
course to pursue, namely, let the city build its conduits, 
pole lines and circuits, and competition will furnish cur- 
rent for the municipal lighting service at rates perhaps 
even better than those very reasonable ones which appear 
in Mr. Hunt’s report. 

And as for Mr. Hunt’s report: search it through and 
through, and not one word or syllable will be found therein 
tending to favor the idea that even the remotest advantage 
will accrue to San Francisco from its owning the electric 
lighting plant which he, in accordance with the instruc- 
tions given him, designed and gave estimates upon. 

Some general observations on the prop- 
erties of incandescent electric lamps an | 


peeve possible developments in the line of in- 
terior electric illuminants are given by 
INCANDESCENCE. 


C. J. Robertson in concluding an article 

on the manufacture of “glow” lamps in 
Feilden’s Magazine for March, which, though brief, are 
pregnant with interest. The incandescent electric lamp is, 
of course, simply a transformer of energy; and the vibra- 
tory motion of the ether which it produces, and which is 
felt by the eye as a luminous sensation, requires a calculable 
supply of energy for its support. With ordinary artificial 
illuminants, this energy is taken from the combustible; in 
incandescent electric lamps it is furnished by the electric 
current, and the transformation of this energy is, in each 
instance, accompanied by a loss. 

The mechanical efficiency of a source of light is that 
number which indicates what is the fraction of the total 
energy expended, as compared with that portion which is 
capable of producing a luminous impression. The me- 
chanical equivalent of the candle power obtained by the 
best known illuminants, express in watts consumed to give 
one candle power, is: Gas, in a butterfly burner, 93 watts, 
candle 86, oil lamp 57, incandescent electric lamp from 2.5 
to 4.5, enclosed arc lamp from 2.5 to 4, open are lamp from 
.8 to 1.5 watts per candlepower. 

The first three illuminants on the above list have an ex- 
tremely low efficiency because of the enormous losses 
undergone in combustion, but the production of light 
in all burners is due to a common cause, namely, to 
the incandescence of carbon. In the first three cases, 
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the luminous body is the particle of carbon which is 
not consumed, and the incandescence of which is main- 
tained by the combustion of the gas. With these illu- 
minants there are heavy losses, due to incomplete com- 
bustion and convection of heat to the surrounding 
air, while with the incandescent electric lamp, incan- 
descence is maintained by the electric current, and as the 
filament or incandescing material is in a vacuum, there 
is no loss by convection but only by radiation. The tem- 
perature to which these carbon particles can be raised de- 
termines both their brightness and their mechanical effi- 
ciency. It should be added, though, that although the in- 
candescent electric lamp appears from the rating given to 
he highly efficient in comparison with the other illumi- 
nants, yet the luminous or optical efficiency of all these six 
sources is very low. When any body is at a temperature 
below 480°C, its luminous efficiency is zero, as the vibrat- 
ing movement of the ether is not rapid enough to be sensi- 
ble to the eye as light, and, Mr. Robertson continues, 
“When we compare the arc lamp with the coal used for the 
generation of the current with which it is supplied, after 
allowing for all losses from the coal to the engine, dynamos, 
lamps, ete., we get an optical efficiency of barely 1 per 
cent.” 

With regard to the position of artificial lighting, little 
progress, from a physical point of view, has been made 
from the beginning of civilization, when the savage used 
the resinous torch whose luminous efficiency was nearly 
equal to that of the are lamp. There seems to be a prac- 
tical limit in obtaining light by incandescence, owing to the 
lact that the eye becomes fatigued and is harmed by in- 
creasing the temperature of the incandescence. Some of 
the alkaline earths withstand higher temperatures than will 
carbon without fusing, yet the light thus produced is so 
dazzling that it must be subdued by colored globes or 
otherwise, when the lighting efficiency is no greater than 
that of carbon. It may, however, be possible to find a sub- 
stance other than carbon which will emit at the same tem- 
perature a greater quantity of light, but the prospect of so 
doing does not at present appear to be hopeful. More 
promising sources of illumination seem to be denoted in 
the researches of Professor Langley with fireflies, the meas- 
ured energy of which is found to be expended entirely in 
the visible part of the spectrum. Staub has found that the 
efficiency of a Geissler tube is 32 per cent., or more than 
six times that of the incandescent electric lamp. The quan- 
tity of light produced by this agency is, however, too 
minute to be of practical use, although the demonstrations 
of Tesla and Moore have shown that great improvements 
are possible in this means of illumination. A method of 
obtaining artificial light which appears to be invested with 
possibilities is that of bombarding the oxides of the alka- 
line earths by means of cathode ray, as in the lamp of Pro- 
fessor Ebers, but the present defect of these lamps is that 
the oxide changes into the metallic state. 

Phosphorescence and fluorescence are assumed to be due 
to a class of vibrations that are distinct from those which 
cause incandescence, and it may be found possible to excite 
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phosphorescence (luminescence) directly by electrical 
means. From Maxwell’s hypothesis it may be inferred that 
the most efficient light would be obtained if one could 
vibrate the molecules at a period equal to that of luminous 
undulations, and it may one day become possible to effect 
this direct from electrical vibration. 


Gas 


INDUSTRIAL GAS.—XII. 


BY FRANK H. BATES. 


ETERMINATION of the calorific power of solid 
and liquid fuel by the oxygen calorimeter. ‘The 
calorific value of solid or liquid fuel is generally 
determined by one of the many forms of calorim- 
iters which provide for almost instantaneous 

combustion of the fuel within a chamber filled with oxygen 
gas, under a considerable pressure, the heat resulting from 
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FIGURE 33. 


the oxidation being absorbed by a volume of water, thus 
affording a means of measurement. 

A simple form of this class of instrument which has 
come under the writer’s notice, was constructed by Messrs. 
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Poole and Hitzroth, superintendents of the Standard 
Electric Company and San Francisco Light and Power 
Company, respectively, with considerable improvement 
from a pattern brought to the Pacific Coast by President 
Edgar of the Dearborn Drug and Chemical Works, and 
as it fills the requirements of engineering work generally, 
it will be presented with some detail since a thorough 
understanding of its principles may serve as a guide to 
other designs. 

Description. Figure 33 shows the instrument as- 
sembled, the body F, within which are located the water 
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FIGURE 34, 


and combustion chambers, being supported by the adjust- 
able legs 1 1 1 and carrying above a frame A ¢, serving 
as a support for the glass water-column B and the sliding 
scale p. Means are provided for the admission of water 
by way of the cup p, and of oxygen gas by valve J. 
Figure 34 shows in detail the construction of the water- 
chamber, with stuffing-box and adjusting-nut at k, pre- 
venting leakage around the glass water-column, the latter 
being inserted so as to receive the water from the channel 
R of the chamber below. Within this chamber is inserted 
the combustion-tube s (Figure 35), making a tight joint 
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FIGURE 35, 


by means of the faced flanges shown. Since the combus- 
tion-tube is subjected to some 200 pounds working press- 
ure, it is made amply strong and is fluted on the water 
side to provide for a more rapid conduction of the heat 
from within to the water without. 

Figure 36 is a detail of the fuel-holder and igniting de- 
vice. The charge to be tested is placed in a porcelain 
crucible and the latter fixed securely in the holder, one 
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FIGURE 36 


arm of which is shown as v. ‘Through the fuel and at- 
tached to an arm U on one side, and to the conducting 
wire T on the other, is strung a platinum wire (not shown) 
through which an electric current is passed, causing the 
ignition of the fuel. The platinum wire should be of a 
size such as will readily burn out on the passage of the 
electric current and it will be found convenient to employ 
incandescent lamps in order to indicate with certainty the 
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FIGURE 37. 
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time of the fracture of the platinum wire. It will be 
noticed that the conducting wire T is insulated from the 
instrument; one connection from the electric source is 
therefore made fast to its lower end; simply bringing the 
other connection in contact with the body of the instru- 
ment serves to make the circuit complete and cause the 
ignition to take place. 

In the sketch simply a ground joint v between the 
holder ard the nut G is shown, but it will be found pref- 
erable to employ a gasket of lead insuring a much tighter 
connection. 

Figure 37 is a detail of a spanner wrench 


tight the nut G. 
(Continuation in next number.) 


for making 


INDUCTANCE FORMULAS. 

CCORDING to Maxwell’s calculations, the values of the 
coefficients of self and mutual induction for two wires, 
each having a diameter of 2/, a length of /, and separated 
a distance of a apart (all dimensions being in centimetres) 

are as follows when the ends of the wires are not joined to form 
a closed circuit: 


Coefficient of self-induction: 
b= (vos, 
Coefficient of mutual induction: 
2/ 
MM = 2t (og, ) 
a 
The total inductance is the algebraic sum of / and .W/: 
a 
L+M’M=-d2 (tos, +O. 25) 
p 


If the two wires are closed at the ends so as to form a closed 
circuit, then the total inductance is: 


Lt+M=a4l (oe, ; 0.25 ) C. G. S. units. 


2/ 0.75) 
p ™ 


To determine the inductance in each wire of a three-phase trans- 
mission line, where all three wires are equidistant as on an equi- 
lateral triangle, the above expression must be muliplied by & 
thus making the inductance of each wire to be: 

a 


Lt =7/3X 2 (og. ry 0.25) C. G. S. units. 


Should it be desired to obtain the result in henrys, multiply the 
formula by 10 °. 

Again, the relation between the henry, which is the coefficient 
of self-induction, and the total inductance, etc., of a single cur- 
rent is shown by the following: 

Where a virtual amperes (7. ¢.: / means square amperes.), 

E virtual reactance volts, 

p periodicity, 

Z. henrys, 

'§ total inductance of circuit, 
R == ohmic drop in volts, and 


R, virtual e. m. f. necessary to overcome /> - RX. 
Then J=2r fl, 

. I - 4 

Said 27 p 


E—-axrpLA—Ta, 
- JR? > (2"pLap 





JRF 





‘The JOURNAL is a very important publication and I have con- 
tinual recourse to it in my lectures,’ writes William S. Aldrich, 
Professor of Electrical Engineering of the University of Illinois. 





“The JOURNAL is very excellent and its illustrations are superior 
to those of any paper published.”’—Lews Searing, Denver, Colo. 
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Rinanoial 


SAN FRANCISCO’S GAS AND ELECTRIC BUSINESS. 
URSUANT to a resolution of the Board of Supervisors of the 
City and County of San Francisco, statements of the re- 
ceipts and expenditures of the public lighting corporations 
operating therein have been filed, as required by law, pre- 
paratory to fixing the public and private lighting rates for the 
next fiscal year. The figures presented are interesting as giving 
the sworn financial status of the companies concerned, as well as 
showing items of revenue and expense attending the operation of 
urban gas and electric systems. Following are the principal 
features of the statements filed: 
SAN FRANCISCO GAS AND ELECTRIC COMPANY. 
The estimates of the San Francisco Gas and Electric Company 
were based on the old rate of $1.75 a thousand cubic feet for gas 
from January I to July 1, 1899, and $1.50 from July 1 to January 1, 


1900, The statement is as follows: 
GAS RECEIPTS. 

MR UNMNE ooo ssienrng act aiiastaroine peta nema erate a $1,278, 146.47 
SAEED OR COKE. 6 os hin ce otisececeavn ne re 83,263.19 
GON NNN rasa br essa. bh cota Sb cat vial AW psi SSI ag RO 10, 133.90 
RUINED 6 Sains Ses sic carves aid Wear baila es 4,739-77 
SONOS OL GOH THRUETIEL os ccdeisics ssisee scusindicverses 1,517.93 
Received for wharfage and rents..............00 000% 2,546.55 
Received from creditors’ discounts................-. 916.01 


IE so staciivceii Khe at $1,381, 263.82 


ELECTRIC RECEIPTS. 


Sales of current... ic6ccee%s- es or ort ai averse site -$ 741,909.05 
SPURNS LEONI 5 nse ia-issnvs' 4.0sie escape cipible aah 0 A 6 Sinvaens ; 5,473.48 
SSRROR OE OL OIE oi. 6 5os nore ois enc ene as pein w acta 4,838.95 
PPCCUUE TOE SOU a. 65555 62S ne Kein die pis onieisnennse es = 53,184.91 
Received from creditors’ discounts.................- 701.55 

Dotalielectric PeCei pes <5... c.csik ives eesssc eons f 806, 107.94 

55:5 55H wa sekconiuweelincanewen $2, 187,371.76 

GAS EXPENSE. 

Coal, carbonized-bituminous................ ener: $ 180,390.53 
Coal, Carbomized-anthracite. ....656565 cece os eevee 77, 2y0. 26 


RON PIN 5 oe ie oS wi de Sens ahe ODORS ; 


135,495.02 
Wages aud salaries 5 


358,050. 45 





RCA CX POUBEB osu io o:cce cies cea Liealeksn, ac perenne tame Archer Eres 7,953-15 
BO ns 405: gh 20K aes fase’ Keik AVKEpAds Sonewerels 58,811.17 
Repairs and general expenses...............0.e0eee8 74,854.70 

IE 656.5. 5 566 WAS i $ 892,845.28 

ELECTRIC EXPENSE. 

TMERUINR posh cxcerreeisia (hong copilasetewieiabies SS ake wile wis SIRS -£ 179,508.02 
pos Cs a re 219,461.35 
RG re rere ace tree te ert ea Geen rete eens 9,779-57 
ETE OR Ee PT ee eee 3,237.10 
DMR eae Kh Oh nek ale Oeste adaatiebainehaeee ; 23,321.92 
RSWUGR NE ETOTAGEE 5:0 seis <inces: sibs bere wee nsw’ Bie c ewe 45,369.05 
Fe RR er ne eee her ee 49, 126.€0 
Wear and tear and depreciation..................... 18,259.72 
Repairs and general expenses......... ...........45 51,107.82 

DORE GRGCETNS CRONIN «055 ons siciv ceases: venue 599, 170.95 

re ree $1,492,016. 23 

SUMMARY. 

RUN 25% tard i coh eaeeid.0saeWcanse beer nawes $2, 187, 371.76 
Pa i pidiens xpnpweeinicubing theca eeuneee 1, 492,016.23 

PENI ae siercainiiei sr ewisene Choker anaes $ 695,335.53 
ke icis a View bok emcees eedene eee 9, 887,847.33 
RM ee IE 5 cs <p 0 ewe wae eas wenn 3, 154,731.22 

ies kiks cle Sea Genet eee ee $1 3,042, 578.55 
Present value of plant (estimated).................. II, 500, 000,00 
SUES SU TIO 6k Saini ince bode FOP oss C deriv eer 12,994, 284.36 
IN 556 ain Gane pave KkM eee ReaD 622,000.00 
IE 655i kn Shkenewade cick estima eres : 285, 000,00 


The statement was signed and sworn to by J. B. Crockett. 

At the annual meeting of the company held in February the 
following gentlemen were, by a unanimous vote of over 95,000 
shares, chosen directors of the company for the ensuing year: 
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Joseph B. Crockett, Peter Donahue, Adam Grant, Charles E. Green, 
J. Downey Harvey, Daniel T. Murphy, George W. Prescott, Albert 
H. Payson, Levi Strauss, Thomas B. Bishop and William F. 
Whittier. : 

The reports showed an enlarged business in both gas and elec- 
tric light. Expenses were increased $30,000 by additional taxes 
imposed. Assets were $14,399,000. It was thought 4 per cent. 
dividends could be maintained. Bonds may be issued. Old of- 
ficers were re-elected and Mr. Crockett is president. 


PACIFIC GAS IMPROVEMENT COMPANY. 
The statement submitted by this company through C. O. G. 
Miller, secretary and treasurer, is based on the rate of $1.50 a 
thousand feet for the twelve months ending October 31, 1899: 











RECEIPTS. 
CIRO ia BSc seat ccc eae ne & ERR EA Te Meee alte ous $436, 436.74 
I FANS iorirccis Via ots catmagtn eras eho ead eweaat 22,744.64 
WN ONG ok ce Cue dee cov anmas cian toanweaare eens 2,574-74 
i TTT TT ECT re aT ee - $461,756.12 

EXPENSES. 
CONE GAN CORN ois itis eos sitesi eta vow tiiela Bova c wih Bek Winsome $121,262.57 
DR cc Hardie vies Beare Oho hee Leta a acl Cine wee ae eee aA 56,237.76 
SOIALION, OUCH ER PEUSES, CLC... ove ccin csc ceiccsecncesecs 46,752. 36 
Purifying materials, maintenance, etc.............. - 44,551.94 
PONG THUD Sen lvcdcanueones Weaeen eee enesecueemus eneeias 1,942,25 
PORE Sod vtaca CHa edocs vee netne coceemacdantaaan anaes 39,867.13 
URRY CRDOUNR SONOS Ae, Sentieeeree ea CueK ee ee Rees 310,614.01 
NG Ts a ci uwha de Kice Saecied chee SEbRReReeanes $151,142.11 


The works operated by this company were not buiit by it. From 
the records we have we find the cost of the property was $4, 508,000. 

We estimate the present value of the plant used for the manu- 
facture and supply of heat, light and power at $3,262,000. 

The company has outstanding 32,000 shares of capital stock of 
the par value of $100 per share. It has no bonds or net floating 
debt, but it is operating under a lease and agreement to purchase 
at par the works of a corporation having 20,000 shares of capital 
stock issued, of which the Pacific Gas Improvement Company 
owns by purchase 7245 shares. 

EQUITABLE GAS LIGHT COMPANY. 

This company, which began by supplying dollar gas and is now 
furnishing it for 65 cents a thousand cubic feet, submitted a state- 
ment from August 1, 1899, to and including December 31, 1899, 
as follows: 


Total receipts from sale of @a®. ..5....<ccceccescn 


Cost of. coal during that: period 5:i/ii6ocicie 6c ve cccis, Meeines $ 4,869.17 
CORE GE Olas oicccswecdordavs uareamnnae sc ncnnuadewaa II, 512.60 
COOUOE TAGE a Siac, cede aiecceeamcamnawaaKal weneae. 2, 343-95 


bawiewene nce uees $18,730.72 








MAO G i daca d Fox ele W be ceey dee nue ceemenomeaiel $ 7,315.78 
Out of this balance all administration expenses were paid. The 
quantity of gas made in the designated period largely exceeded 
the amount sold, owing to the laying of many miles of mains and 
the number of house services putin. The amount expended for 
material and labor in construction of the plant is given at $252, 500. 
The total stock issued is 42,000 shares of free stock and 137,500 
shares of stock pooled for a period of five years. 
CENTRAL LIGHT AND POWER COMPANY. 

The direct-current plant of this company is located in the Parrott 
Building and furnishes light and power thereabouts. Its state- 
ment shows that the revenue for the month of December was 
$12,459.75 and the expenses $8656.31, leaving a balance of $3803. 44. 
The company has paid on account of the plant $238,600, has no 
indebtedness and a capital stock of $70,000, 


MUTUAL ELECTRIC LIGHT COMPANY. 

The original cost of the plant of the Mutual Electric Light 
Company is given at $336,158 56, but the company claims that it 
could not be duplicated at this time for less than $500,000. This 
does not include real estate purchased for a new plant, for con- 
struction of which preparations are now being made. The capital 
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stock of the company is $500,000, in 50,000 shares of $10 each. 
Of these 41,000 have been issued. There are no bonds outstand- 
ing. The floating debt on December 31, 1899, after deducting 
cash on hand and collectible credits, amounted to $14,528.85. Its 
figures for the year ending December 31, 1899, are as follows: 


RECEIPTS. 
From light and power service.............0ccee ce ceee $131,805.09 
From miscellaneous SOurces....... 2.0.60 ceeces ccccee ce 295.88 
ONES oda aoe crease Gan Ede e eee eee anise $132, 100.97 
EXPENSES. 
I NN onc cas cen eectssncis sesebucdebasasen $ 17,045.55 
WUMIOIUIRIIE 52 F <5 cca dh sade Ov ud intial eCssee eden 63,900.29 
by er emer erat Poe oer ae SA 11,833.44 
WORMR acca wind Weide dod wach aa a dea teers ee $ 92,779.28 
WMO yo oa dicen eieenistwacacddinee weasucedaw -$ 39,321.69 


MILLS BUILDING. 

The surplus capacity of the direct-current plant in the Mills 
Building brought in a revenue of $8357.17 in 1899 and the expen- 
ditures were $2700.71, so that the net profits at 6,7, cents per 
thousand watt-hours was $5656.46. The original cost of the dis- 
tributing system was $10,000 and its estimated present value $500. 


CIRCUMSTANCES LIMITING TRANSMISSION DISTANCE.* 
BY LOUIS BELL, PH. D. 


NE of the questions oftenest asked of the engineer is the 
() limit of power transmission in distance and voltage. Broadly 
speaking, the problem is indeterminate, for the distance 
practicable is a function of the price of fuel, and the voltage is in 
the main a function of the climate. To make a trial at very long 
range and extreme voltage feasible, the necessary combination of 
circumstances consists of a good market, a very high price of coal 
or fuel, and a climate dry enough to make insulation easy. Given 
those conditions and one may reasonably expect something of a 
revelation in the way of power transmission. 

To illustrate: A few years ago the services of the writer were 
called in on a proposition for power transmission on a scale that 
was fairly startling. It involved the sending of a thousand horse- 
power over a line 200 miles long to a group of silver mines in 
mountains in Mexico where the climatic conditions were favor- 
able. At first it looked rather desperate, commercially, but on 
careful investigation it showed eve.y indication of being a paying 
proposition. At the mines in question coal cost $40 per ton in 
gold — for every ounce of it had to be carried 80 miles in bags on 
the backs of burros. The water power was one of the magnificent 
high heads common along the back-bone of the continent, and 
was not itself inaccessible, while over most of the route rain was 
a sort of septennial institution, not to be seriously considered. 
The slump in the price of silver put the proposition to sleep shortly 
afterward; but it will be instructive in the light of present experi- 
ence to compute the proposition anew, and to see the possibilities 
it opens to both commercial and electrical enterprise. 

To begin with, it must be realized that the present upper limit 
of high voltage seems to be set by the tendency of the air to fail 
as a dielectric. So far as the transformers are concerned, the 
splendid insulating properties of oil have not been put seriously 
to the test by even the highest experimental voltages. Given the 
necessity and there would be no serious difficulty in the way of 
building large transformers to deliver to the line pressures of 
100,000 volts or more. Glass and porcelain and oil will stand the 
strain, but the air begins to play one false long before this. With 
ordinary commercial machines, at ordinary frequencies, the losses 
by leakage through the air between line and line are suffiviently 
formidable at 50,000 volts to call a halt in further progress, and 
this even with wires four or five feet apart. Ten or fifteen thousand 
volts more may be gained by using generators giving a close sinu- 
soidal wave and spacing the wires still wider. 

For a working voltage one might safely go under existing con- 
ditions in a very dry climate to 50,000 volts. Let us see what sort 





os *Abstract from the £/ectrical Review, New York, Vol. XXXVI No. 10, p 227. 
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of a line this will give, taking the energy generated at 1000 kilo- 7 


watts, the distance at 200 miles and the loss at ten percent. Using 
the stock formula* for three-phase lines shows that the case calls 
for 46,640 circular mils. This is not far from No. 3 wire, which 
would probably be chosen for the purpose. As to the matter of 
inductance with wires about six feet apart and at a frequency of 
40 cycles, the impedance factor of the line is so near unity as to 
be amply compensated by the extra cross-section of the conductor, 
leaving the drop at about the assumed figure. As to resonance, 
the constants of the line do not give a period anywhere near the 
frequency, so that no trouble need to be borrowed on that score. 

About 3,200,000 feet of No. 3 copper wire would be required, 
weighing about 160 pounds per 1000 feet; in all about 512,000 
pounds, worth, delivered, about $100,000. About 8000 poles would 
be needed for the line, costing, roughly, set with wire in place, 
say $100,000. Hydraulic costs are very variable, but taking the 
data of a typical high-head plant of the same capacity shows that 
$50,000 is not wide of the mark for this item, and allowing a proper 
amount for dynamos, transformers, telephone line, and general 
equipment, it is quite safe to say that the total cost of the plant, 
including a moderate amount of distributing ‘circuit, would fall 
within $350,000. 

Of this amount, 20 per cent. should pay all fixed charges and 
operating expense, so that a sale of 1000 horsepower at $100 per 
horsepower-year, would not only care for all fixed expenses but 
would pay interest on the stock of the concern and provide a lib- 
eral sinking fund. In point of fact, the price noted is less than 
the cost of producing power in units of moderate capacity, even 
in localities where coal is no more than $5 or $6 per ton. If coal 
rises from transportation charges to the neighborhood of $10 per 
ton, electrical power, transmitted even so great a distance, could 
cut under the cost of steam power very materially and secure a 
paying market. On a larger scale, the cost of transmitted power 
would fall below the estimate given, and by so much more give it 
the advantage. There is every reason to expect, then, that a 200- 
mile transmission from water power would pay in a good many 
instances, given only a reasonably good market; and obviously it 
would pay handsomely under conditions anything like those noted 
in beginning this article. 

Although it is not difficult to figure out a profit in even longer 
transmissions on a larger scale, it is not likely that capital can be 
induced to become interested in such enterprises until some case 
has been worked through to commercial success under conditions 
so favorable as to leave no doubt of the result. 

The engineering value of a very long transmission at extreme 
voltage would be great, and the present note is intended to call 
attention to the fact that under circumstances which actually 
exist, such an enterprise can have a commercial value fully com- 
mensurate with its scientific importance. 





A BROKEN LINE AND AN IMAGINATION. 


HE Oroville, Cal., Register thus describes the antics of a 
broken electric power transmission line operating at 30,000 
volts: A few nights ago while a doctor of Oroville was going 

to Palermo, he passed the electric wire that carries a vast supply 
of electricity from the Yuba power station to the Feather River 
dredgers. One of the wires had broken loose, and the doctor says 
it was a strange and weird sight to see the curves and bends of 
the wire, which resembled the motions of a fiery serpent. Now 
the wire seemed to whirl in immense circles, making the face of 
the country so bright that one could see to read a newspaper a 
mile distant. It would strike a pool of water and the noise 
sounded like the mighty hiss of a gigantic reptile, while clouds of 
steam rose from the pool. Then it would hit the great green post 
to which the wires were fastened, and when it did, a sheet of 
flame 4o or 50 feet high would shoot up into the air. The motions 
and contortions of the wire were of such a character that one 
seemed fascinated and compelled to gaze upon it without the 
power to turn away. 


* Vide Bell’s ‘‘ Electric Power Transmission,” second edition, page 403. 
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Operation 


PARALLEL OPERATION OF DIRECT-COUPLED 


ALTERNATORS.* 


BY HENRY G. STOTT. 


NE very important point seems to have escaped attention in 
() discussing the parallel operation of direct-coupled alterna- 
tors; viz.: the all-important question of armature reactions. 
Calling the generator carrying the load on the busbars A, and the 
one about to be put in, 2, and assuming that 4 is carrying full 
load, then if we adjust 4’s voltage to the same as 4’s and throw 
in ZB, the load will not divide equally between the two generators, 
no matter whether they are exactly in phase or not, and no amount 
of field adjustment will make # take its share of the load, or, in 
fact, any of the load. 

This is due to the armature reaction, which is specially marked 
at low-field excitation. A, carrying the load, has already had its 
field adjusted to compensate for this armature reaction, and when 
# is thrown in multiple with it, a slight difference of phase is suf- 
ficient to allow 4, the lagging generator, to send an almost watt- 
less current into 4, and, by means of the armature reactions, tend 
to demagnetize A’s fields, fiually driving it as a motor. Strength- 
ening the fields of # merely increases the idle current between 
the machines, and as a definite angle of lag of the generator 4 
behind the motor 7 has been established, the only thing left to 
do is to pull out A and try again and again until we happen to 
strike the same angle of lag or lead in both machines. To obviate 
this very annoying process, the writer suggests the following 
method, which is now used by the company with which he is 
connected. 

Plot the external characteristics of the generators and from the 
curve tabulate a series of values to which the voltage of the gen- 
erator # must be raised before throwing in multiple with 4, in - 
order to get the same voltage when carrying the same load. 

The following table, taken from actual figures used in putting 
two 400-kilowatt two-phase generators in multiple, will serve to 
illustrate the method: 


GENERATOR A. GENERATOR &. 


Per Cent. Increase in Volt- 
age Above Busbar Press- 


Per Cent. of Full Load. ure Before Putting In. 


25 2 
5° 7 
75 10 
100 I2 


When the pressure has been increased to the above values the 
machines go together perfectly without any noise or grunt and 
immediately divide the load equally. 


[Mr. Stott is connected with the Buffalo (N. Y.), General Elec- 
tric Company as electrical engineer, and it is evident that he lays 
down a statement concerning the operation of alternators which 
differs quite radically from generally accepted ideas on this subject. 
Mr. Stott claims that the division of the load between two alter- 
nators can be determined by adjusting their relative field strengths 
before throwing them in parallel, but cannot be changed by any 
variation of their field after they are switched together. The gen- 
erally accepted idea, which is borne out by practice, is that the 
adjustment of the division of the load depends not upon the 
relative field strength either before or after the machines are in 
parallel, but upon the load-speed characteristics of the prime 
movers. 

It is pointed out} in discussing this statement, that in the case 
of two similar alternators direct-coupled to two steam engines, 
the machines when in parallel must make with mathematical ex- 
actness the same number of revolutions per minute. If the load 
upon the two sets is, for instance, 500 kilowatts, and the governor 
of one engine admits sufficient steam to generate 100 kilowatts at 


*Electrical World and Engineer, Vol. XXXV, page 255. 
t/érd, Vol. XXXV, page 
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the same speed that the governor of the other engine admits suf- 
ficient steam for 400 kilowatts, the load will divide itself in this 
ratio, no matter what may be done with the generator fields, either 
before or after synchronizing. It is obvious that a change of the 
relative field strength of the two machines cannot in any way af- 
fect the governors if the load upon the busbars remains constant. 
All the energy derived from the steam entering either engine 
minus the internal losses of the generating unit must appear in 
the electrical circuits. Thus the division of the load is independ- 
ent of the relative strength of the exciting currents in the two 
fields. If the division of the load upon the alternators could be 
changed by strengthening one field and weakening the other, it 
would obviously be a plain violation of the law of conservation of 
energy since the position of the engine cut-offs would remain the 
same, and it is obvious that the output of one machine cannot be 
materially raised and that of the other lowered, the indicated 
horsepower of each remaining constant. In case the exciting 
currents in the two fields differ, the machines adjust themselves 
to practically the same field strength by an exchange of wattless 
currents which pull down the voltage of that with the stronger 
field, and pull up that with the weaker field until the two are 
equal. 

Mr. Stott upholds his argument with results obtained from ex- 
perience, but this experience (although not so stated in his article) 
is with two machines, each of which is driven by a synchronous 
motor, these synchronous motors running in parallel with each 
other on 25-cycle Niagara power. This gives a very peculiar 
case of parallel running not to be found in any other installation 
in this country, if in the world. There is no chance for slip in 
the machines since they are both direct-coupled and the motors 
must remain mathematically in synchronism with each other 
since they are driven by the same alternating currents. The 
phase relation of the generating ends thus depends upon the rela- 
tive drag and consequent relative field distortion of the motor 
ends. A similar case would only be met in steam or water wheel 
practice where the governors of the two machines running in 
parallel not only maintain isochronous speed at all loads, but also 
when this speed is mathematically the same for one governor as 
for the other. This case, of course, never occurs. 

Mr. Stott indicates that in the peculiar case of his machines the 
division of the load cannot be changed by adjusting the field of 
the generators after they have been thrown together, but can only 
be properly proportioned before they are switched together by 
sending as great an exciting current into the field winding of the 
fresh machine as is already passing through the exciting circuit of 
the one under load. This is a peculiar performance that would not 
be anticipated, at first sight at least, and which requires for its ex- 
planation consideration of the actions of motor and generator. ] 





SYSTEM OF ELECTRIC DRIVING IN SHOPS.* 

RESENT indications are that during the next few years all 
new shops and many remodeled old ones will have some, if 
not all, of the machines driven by electric power. Long 
lines of shafting often require from 60 to 75 per cent. of 
the total power to overcome friction, and it is safe to count upon 
enough saving in power by the introduction of electric motors to 
furnish light for the same shops. The question of fuel economy, 
however, is not the most important one, because with wasteful 
systems the cost of power is usually about two per cent. of the 
cost of labor. The important question is to get the most out of 
the plant. The Baldwin Locomotive Works several years ago ex- 
pended about $65,000 in electrical machines and the cost is saved 
every year in the saving of labor. The Chicago, Milwaukee and 
St. Paul Railway installed an electric motor to operate a turn- 

table. The cost was $550, and it saves $1600 per year in wages. 
Electric motors are accepted as offering valuable means for in- 
creased shop output; they are reliable, efficient and worthy od 
confidence; they are ready to respond instantiy to a ccnan 
greatly in excess of their rated capacity, and they have the further 





*From American Engineer and Railroad Journal, Vol. L.XXIV, Feb., 1,00 
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advantage of accurate and easy adjustment of speed. It is not 
easy, however, to learn the best method of obtaining these advan- 
tages in practice. Each individual plant has its characteristics to 
be considered, and one of the limiting factors in the adoption of 
a plan of electric driving is the relative cost and efficiency of large 
and small motors. Seventy-five dollars per horsepower for one- 
horsepower motors and $20 per horsepower for 50-horsepower 
motors may be taken as an approximately correct proportion. 

It is desirable to use as few different sizes of motors as possible 
on account of the repairs. These considerations lead to the com- 
parison of four systems of motor arrangement: 

1. Individual motors. 

2. The group system. 

3. Comparatively long lines of shafting, each driven by its 
motor. 

4. A combination of the individual and group systems. 

INDIVIDUAL MOTORS. 

Where the tools are relatively large this plan reduces the losses 
transmission to a minimum and it also permits of any desired 
of cranes and machinery for handling parts and finished work 
to and from the machines. It avoids all the troubles caused by 
belts, but the cost is high and the motors will seldom be of greater 
capacity than five horsepower. The power of the motor must, of 
course, be sufficient for the greatest load ever put on the machine 
and for a large part of the time much less power is required, 
which means rather inefficient operation of the motors. This plan 
also requires a large number of different sizes of motors, for which 
extra repair parts must be kept, and with small motors the repairs 
are much greater in amount than with larger ones. This system, 
however, uses no power except when the machines are running, 

which is not true of any other system. 

There is no system which permits of getting so much out of the 
machines as that of individual motors, and in some cases this will 
outweigh all other considerations. With a direct-connected motor 
it is possible to obtain more perfect speed control than can be had 
in any other way, The full capacity of the tool is always avail- 
able at a movement of the hand, and the machine may be started, 
stopped or reversed by the attendant without changing his po- 
sition. Belt-shifting is not difficult, but it is one of the little 
things that men will not do unless it is necessary, and a little 
hand-switch to control the speed will be used when a belt would 
not be shifted. 

Most tools are limited in capacity by the system of driving 
with which they were originally fitted, and the usual range of 
speeds is very small. This is the only system which offers this 
very desirable speed and power control for each machine, and it 
counts powerfully in the output of a shop where it can be used. 

THE GROUP SYSTEM. 

This plan recommends itself where the individual machines are 
not large enough for independent motors and where improved 
transmission without too large a capital outlay is sought. Shops 
and factories with no large tools and with large numbers of small- 
powered machines must necessarily come under this system. It 
does not do away with shafting, but it permits of cutting the 
shafting into convenient lengths and avoids what is probably the 
greatest difficulty with shafting, the friction of long lengths on 
account of their liability of getting out of line. The motor driv- 
ing a group of machines does not need to have a capacity equal 
to the sum of the maximum possible demands of all the machines, 
because it is safe to count upon some of them as being idle or 
requiring only a small amount of power. The electrical installa- 
tion of the Baldwin Locomotive Works has the proportion of 1300 
horsepower in the generators to 3500 in the motors, and it seems 
to be sufficient, as the average horsepower at the switchboard is 
but 1oco. 

The groups may be arranged with a view of running certain of 
hem overtime in order to keep up with the rest of the plant, and 
all of the machines required for certain overtime work would be 
put into that group. This system renders the selection of motors 
comparatively easy and has the advantage of requiring the mini- 
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mum number of different sizes; two sizes, 15 and 25 horsepower 

motors will suffice for many large shops. The groups may be ar- 

ranged to have a surplus of power in each at the start in order to 

provide for expansion. If the load eventually becomes too great 

for the smaller size, one of the larger ones can be substituted. 
MOTORS ON LONG LINE SHAFTS. 

While a number of cases of this arrangement are in successful 
use, the objection to it is that there is little diminution in the belt- 
ing, and, in fact, no advantage over the usual steam drive, except 
that the steam plant may be concentrated in one place for several 
buildings or departments. It is a great advance over the distribu- 
tion of steam engines all over a plant, but it does not bring out 
the best possibilities of distribution of power by electric motors. 
Two motors may run a shop or department, one being at the center 
of each side of the buildidg and connected each way by clutches 
to the shafting. This permits of running one-quarter of the shop 
alone, but it involves running long shafting and many idle belts 
in order to reach a few machines for overtime work. The cost of 
the motors is less, but their efficiency is not sure to be higher be- 
cause of the lack of flexibility of the system. This plan does 
not accomodate good crane service. 

COMBINED INDIVIDUAL AND GROUP SYSTEM. 

By running the heaviest and largest machines by direct-con- 
nected motors, stopping at those requiring less than about five 
horsepower, and grouping the smaller machines to motors of from 
five horsepower up, a very satisfactory system may be devised. 
This is the one followed at the Baldwin Locomotive Works and in 
a number of large establishments. It is flexible enough for 
adaptation to all except extraordinary conditions. 


DETERMINATION OF POWER REQUIRED. 

The indicator affords the readiest and most reliable information 
concerning the amount of power required. In applying motors 
to an old shop the full load of the shop may be ascertained at thie 
engine by indicating, and the sizes of the sections or groups may 
be determined by cutting off portions of the shop successively at 
the shaft couplings. This will probably be necessary for each in- 
dividual case, particulary where the groups involve much belting 
and shafting. For electric drives in new shops there are few reli- 
able data available to the reader and the best plan is to entrust 
such a problem to the information and judgment of a reliable 
electric machinery concern. 
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OF INTEREST TO INDEPENDENT ‘TELEPHONISTS. 

S. W. Moon, who is well an: favorably known in the independ- 
ent telephone field, has resigned his position as general manager 
of the American Electric Telephone Company to take the active 
management of the recently incorporated Swedish-American Tel- 
ephone Company. Mr. Moon is one of the pioneers in the inde- 
pendent telephone movement, is president of the LaClede Battery 
Company, of Kokomo, Ind., and is also treasurer and general 
manager of the Swedish-American Telephone Company. This 
new company will manufacture a full line of telephonic apparatus 
and is making a specialty of the celebrated Lidberg transmitter 
and receiver, on which there were some very broad patents re- 
cently granted. 





Literature. 


“HIGH-SPEED STEAM ENGINES.” 

The Engineering Times (London), announces the appearance 
of a new work under the above title and under the joint author- 
ship of W. Norris, Am. Inst. C. E., M. I. Mech. E., and Ben. H. 
Morgan, editor of the magazine just named. 

This work deals with the subject of ‘‘high-speed,” ‘‘quick- 
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speed,’’ and ‘‘quick-revolution’’ steam engines in the most ex- 
haustive manner yet attempted. The world’s leading engineering 
firms’ practice is described, including those bearing the names of 
all the best-known engine builders of Europe and America. De- 
tails are dealt with in separate chapters on governors, lubrication, 
action of reciprocating parts, etc., and the book, which will be 
reviewed herein at an early issue, is, in brief, a complete guide to 
the practice of the day. 

The volume formis the first of a series of works on civil, mechan- 
ical and electrical engineering and kindred subjects, now in course 
of preparation by the publishers of the Engineering Times. It 
is printed in the highest class style, and, contrary to those hitherto 
used in the production of most technical works of the kind, the 
engraving and paper is the the best obtainable. It is a demy 8-vo, 
profusely illustrated. Its American price is $2.50, post free, and 
may be obtained from the publishers, P. S. King & Son, 2 and 4 
Great Smith street, Westminster, London, S. W. 


‘‘THE BIG BLUE BooK.’’ Without doubt the most complete 
directory of the electrical industries of the world is tinat issued 
annually by Zhe Electrician, one of the most valued of the London 
electrical contemporaries. This invaluable book is known as 
‘‘The Electrical Trades’ Directory and Handbook.’’ It was 
ready for delivery in January last and contains, as usual, a 
very carefully compiled list of British, American, colonial and 
foreign electricians, electrical engineers, electric light and power 
and traction engineers and contractors, electrical apparatus mak- 
ers, plant and machinery builders, electrical, telegraph and scien- 
tific instrument makers, electric bell makers and fitters, electricity 
supply, telegraph and telephone companies, telegraph and tele- 
phone engineers, electric cable and wire manufacturers, and of 
all persons engaged in electrical pursuits throughout the world. 

In addition it contains many useful tables and much data 
relating to the electrical industries of the world, as well as a bio- 
graphical section giving interesting particulars concerning the 
engineering careers of about 300 eminent men connected with 
electricity in all its application and many portraits. The Ameri- 
can subscription price to this work is 14s 6d—and orders should 
be sent to 7he Electrician, Salisbury Court, Fleet street, London, 
E. C., Eng. 


TRADE LITERATURE.* 

General Electric Bulletins. No. 4200, ‘‘The GE-60 Railway 
Motor;’’ No. 4203, ‘‘Series Enclosed Arc Lighting with Alternat- 
ing Current;’’ No. 4206, ‘‘Compensated Revolving Ficld Alterna- 
tors.” General Electric Company. 


Bullock Bulletins. No. 4453, on ‘‘ Direct Current Multipolar 
Motors.’’ Sixteen pages descriptive of the individualities of the 
N-type Bullock multipolar motors, with dimensional data, code, 
etc. Bullock Electric Manfg. Co., Cincinnati, O. 


“Sockets and Receptacles for Lamps with Edison Screw Bases.”’ 
Flyer No. 2046, illustrating and describing every form of G. E.- 
made Edison sockets and receptacles with size of packages in 
which they are shipped, list price and brief specification. Size 
3x6; 24 pp. General Electric Company. 


Wagner Bulletins. Bulletin No. 30, ‘‘ High Tension Fuse Cut- 
Outs;’’ No. 31, ‘‘Type ‘F' Switchboard Ammeters, Voltmeters 
and Indicating Wattmeters for Direct and Alternating Currents; ”’ 
No. 32, ‘‘One-half Horsepower, Single-Phase, Self-Starting, Alter- 
nating Current Motors.’’ Wagner Electric Manufacturing Co. 


‘‘Westinghouse Railway Motors.’’ Practically a series of speci- 
fications of standard types of Westinghouse Railway Motors. All 
are briefly described and illustrated and the book is supplemented 
by a few illustrations of typical Westinghouse Railway Power 
Stations. Size 6x9; 34 pp. Westinghouse,Electric and Mfg. Co. 


*Catalogues mentioned in this department will be mailed gratuitously on ap- 
plication to the concerns publishing them. When writing, mention THE 
JOURNAL OF ELECTRICITY, POWER AND GAS. Where addresses are not given, 
they may be found through reference to the Advertisers’ Index on page xi. 
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